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1.  INTRODUCTION

1.1  BACKGROUND

1.1.1. NCHRP 350

A Federal Highway Administration (FHWA) guidance memorandum [1], dated July 27, 1997,

mandated that all roadside and work zone devices used on the National Highway System (NHS)

be crash tested to National Cooperative Highway Research Project (NCHRP) Report 350 [2]

requirements. The FHWA categorized these devices into four categories, each having its own

testing requirements and implementation date.

The difference between category testing depends on the type of device and the severity of

velocity change from a possible vehicular impact with that device.  Additionally there are 3 levels

of the NCHRP Report 350 test. Each level is designed to represent a higher speed test impact.

The following is a brief description of the categories identified in Report 350:

Category I includes small and lightweight items, such as channelizing and delineating devices.

Examples of Category I devices are cones and tubular markers. A self-certification is adequate

for NCHRP 350 compliance for devices in this category.

Category II includes barricades, portable sign supports, vertical panels or cones with lights, and

plastic drums. Category II devices qualify for reduced testing requirements.
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Category III includes devices that might cause a significant velocity change upon vehicular

impact. Devices classified in this category, such as barriers, crash attenuators, and fixed sign

supports, are to be tested to the full requirements of NCHRP 350.

Category IV includes arrow displays or other trailer mounted devices, portable variable message

signs, and portable traffic signals.  These devices are not to be used if they are not tested to show

that they are crashworthy, unless they are shielded or installed outside the clear zone.

1.1.2 FHWA Requirements

The FHWA is requiring that by October 1, 2002, all Temporary Concrete Barriers (TCBs) used

on the National Highway System to be compliant with NCHRP Report 350.  The exception is the

TCB classified as an American Association of State Highway Officials (AASHTO) design,

manufactured prior to October 1, 2000.  Units built to the AASHTO TCB design can be used for

the duration of their individual useful lives.

1.1.3 ADOT goal of providing a safe transportation environment

The Arizona Department of Transportation strives to always provide a safe transportation

environment. It has the goal of providing Arizona’s motoring public and visitors a quality and 

safe highway system. Safety and traffic control devices used by the department are therefore

examined and evaluated closely.

1.2 PROJECT SCOPE

1.2.1 Implement an existing, approved system

The Jersey-shape system used by the Arizona Department of Transportation (ADOT) is not

NCHRP 350 compliant (Appendix B), but has been accepted as an AASHTO design system.
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In order for ADOT to comply with the FHWA requirements, a project panel was formed,

representing affected sections of ADOT and with representation form the traffic control industry

and the FHWA.

This panel determined that the most deliberate, expeditious, and cost effective method of

approaching a solution was to review systems that had been tested and approved as compliant

TCB.

1.2.2. Implement a similar system to ADOT’s present system

A TCB system similar to that currently used by ADOT is desirable, since it would save on the

cost of re-manufacturing concrete forms.

1.2.3 Meet FHWA compliance criteria

The selected system must meet NCHRP Report 350 criteria, as set forth by the FHWA

memorandum requiring compliance by October 1, 2002.
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2. EVALUATION AND SELECTION PROCESS

2.1 COMMITTEE

ADOT requested proposals from qualified researchers / investigators for an evaluation of its

system and other agencies’ designs that have passed NCHRP 350 testing that ADOT might be

able to adopt, in order to comply with the federal mandate by the 2002 deadline. No qualified

responses were received. Subsequently, the Technical Advisory Committee (TAC) / Evaluation

Panel (EP) overseeing that research proposal agreed to investigate ADOT’s options and provide

findings and recommendations to ADOT management for the adoption of a qualified and

compliant TCB system.  The TAC/EP was comprised of members representing ADOT’s Traffic

Group, Planning Group, Research Group, Roadway Design, Construction, Construction Quality

Control, and a District representative. Other ADOT groups were invited to participate, but

declined.  Additionally, the panel had members from the Arizona chapter of the American Traffic

Safety Services Association (ATSSA), representing TCB manufacturers and traffic control

contractors, and the FHWA.

2.2 SYSTEMS REVIEW

Currently, there are two common shapes of TCB: the Jersey shape and the F shape.  The

difference is the ground-up vertical dimension to the slope break point.  The Jersey shape

generally has a total of 13” for this dimension and the F shape generally has a total of 10”.

Many states have tested their TCB systems, or modified versions of their systems, according to

NCHRP 350 criteria and have obtained FHWA approval for their use on the National Highway

System.
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2.3 COMMITTEE EVALUATION

The TAC/EP agreed that ADOT should adopt a non-proprietary TCB system. In order to address

the issue of differentiating between compliant systems and non-compliant systems after the

October 1, 2002, deadline, the TAC/EP also agreed that a drop-dead date should be adopted. The

TAC/EP industry representative suggested a date that spans 5 years beyond the adoption of a new

system.  This would allow the industry to recover its manufacturing cost of any system that was

made up to that time.  Additionally, the TAC/EP agreed that systems to be reviewed should be

ones utilizing a pin and loop connection.  Systems that do not use a pin and loop connection, such

as those using slot or hook connections, were eliminated from this evaluation.  Those systems are

either proprietary or require additional care and time for installation and relocation.  All wire loop

systems have failed NCHRP 350 testing.  National experts in NCHRP 350 testing, including

FHWA test reviewers, have stated that, in their opinion, wire loop systems have a lesser chance

of passing the crash test requirements.

2.4 CONSULTANT REVIEW

The TAC/EP was able to acquire the services of the Midwest Roadside Safety Facility (MwRSF), 

the University of Nebraska’s research facility with some of the nation’s foremost experts on 

NCHRP 350 crash testing, to review its evaluation.  The Panel wants to emphasize that its work

has withstood the scrutiny, and received the validation, of nationally-recognized crash testing

experts.  The Panel is therefore confident that it is providing the safest and best option to the

citizens of Arizona.
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3. EVALUATION

3.1 SYSTEMS EVALUATED

Based on remarks and recommendations from national experts, the TAC / EP decided that it

would be counterproductive to test the ADOT TCB system. Significant modifications in the

Arizona TCB system would be needed prior to its NCHRP 350 crash testing and that would still

not guarantee adequate performance in the test. These design modifications and tests would most

likely span beyond the mandated compliance date. Therefore, due to these recommendations and

time constraints, the TAC/EP decided it would be best for ADOT to adopt a system already

approved by the FHWA for use on the NHS.

Few TCB systems have passed NCHRP 350 testing.  Of those that have, there are at least three

proprietary (privately owned) systems that require a payment to the owner in order to use the

design. Non-proprietary systems, however, which ADOT can use without a royalty payment, 

have been tested and been approved for Iowa, Georgia, California, Nevada, Virginia, California,

Oregon, Idaho, and Ohio (assumed approval as of the date of the evaluation). The California,

Nevada and Virginia systems require design considerations. The California and Nevada versions

are K-shape. The Virginia design is not a pin and loop connection system.  Georgia’s system is a

somewhat modified Jersey-shape. Iowa’s system requires a bolt through the pin.

For the evaluation to cover the barrier shapes that are used in ADOT (F-shape for permanent

installations and Jersey-shape for TCBs), the evaluation considered the Idaho, Ohio and Oregon

designs.  All three systems have non-proprietary designs, have passed NCHRP 350 testing, and

utilize a pin and loop connection.  The Oregon system is an F-shape system.  The Idaho and Ohio

systems are Jersey-shape systems.
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Idaho has tested their 20-foot section system (Appendix B-3) and gotten approval from the

FHWA for its use on the NHS.  They have no Styrofoam pad requirement for the use of their

system.  They tested two connection mechanisms: one a bolt and the other a drop pin. The system

can use a 25-inch long bolt and hex nut or a 26-inch long, 1.25-inch diameter rod that is not

secured at the bottom. The deflection after the crash-test impact was 3.3 feet for the bolted

connection system, and 3.6 feet for the pin connection.

Ohio has tested a 10-foot section (Appendix B-4) of their Jersey shape, and anticipates approval

of a 12-foot section of the same design based on the performance in that test. The two systems

are very similar except in length.  The Ohio system uses a bolt connection and does not require a

Styrofoam pad.

The third system is the Oregon F-shape design.  The 12.5-foot long Oregon TCB system has been

tested and approved in recent tests (Appendix B-2). Oregon tested 32-inch tall and 42-inch tall

versions of their design. The taller barrier was tested to test levels 3 and 4 criteria with a bolt

connection, to be used primarily in medians of all interstates and designated freight routes. The 

32-inch (32” tall, 24” bottom width and 9.5” top width) design was tested to level 3 criteria with a 

pin connection. The approval letter issued by the FHWA (Appendix C-3) stated that both barriers

exhibited the least amount of deflection and resulted in the most stable post impact vehicle

trajectories of any free-standing precast barrier tested to date.
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3.2 EVALUATION CRITERIA

Table One, on the following page, is an evaluation matrix that the TAC/EP developed to assist in

ranking the systems under consideration.  The Panel evaluated the systems and assigned points to

each category.  An average of the total score for each category is in its corresponding cell and the

summation of these points is at the bottom of the matrix.

Arizona manufacturers and contractors of TCBs, via the ATSSA Panel representative, provided

industry ranking, evaluation and comparison data for several of the matrix categories, such as 

ease of installation, cost and fabrication.
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TABLE 1 - EVALUATION CRITERIA

Oregon
F-Shape

Ohio
Jersey-Shape.

Tested 10’ (Doesn’t
have approval yet,

just tested, anticipates
approval of 12’ based

on test)

Idaho
Jersey-Shape

20’ long

Ease of Installation
Turn System around.
Transporting. Handling.
Bolt and Pin or Cotter
Pin. Tolerance between
sections. Repair.
(1 – 10) points

7 6 7

Fabrication
- Form
- materials
(1 – 7) Points

5 5 6

Cost:
(1 – 7) Points

6 5 6

Crash Testing
(1  - 5) Points

5 3 5

More than one length
(10’, 12’, 20’)
(1  - 5) Points

5 5 3

More than one height
(32”, 42”)
(1  - 5) Points

5 4 3

Inspection of
Connection
(1  - 5) Points

5 4 5

F Shape
Jersey Shape

All compared as F
Shape. See
summary.

All compared as F
Shape. See summary.

All compared as
F Shape. See

summary.
Drainage?
(Yes / No)
Ability to pin to
pavement?
(Yes / No)
TOTAL 38 33 35
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Based on its evaluation, the TAC/EP ranked the Oregon F shape system as the most suitable

design for ADOT use.  The Oregon system performed best in crash testing and is equal or

superior to the other systems it was compared to.

The Idaho system also rated well in this evaluation, but the Idaho TCB design is limited to a 20’

section, and such long sections pose difficulty in certain installations such as on curves.

The scores of individual Panel members are in Appendix C.

The Panel unanimously recommended that ADOT adopt an F-shape barrier.  In NCHRP 350

crash testing, the F-shape barrier has demonstrated a superior performance to that of Jersey-shape 

barrier.

This performance has been stated in several crash-testing review documents and in a paper by

Mr. Charles F. McDevitt of the FHWA, entitled “Basics of Concrete Barriers.” [3]  Mr. McDevitt 

states that based on research and crash testing “A parametric study (systematically varying the

 parameters) of various profile configurations that were labeled A through F showed that F

 performed distinctly better than the NJ-shape. The results of these computer simulations were 

confirmed by a series of full-scale crash tests. Configuration F became known as the F-shape.”
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4. RECOMMENDATIONS

The recommendations of the Technical Advisory Committee / Evaluation Panel are as follows:

4.1 SYSTEM

The TAC/EP recommends that ADOT adopt the non-proprietary, NCHRP 350 Test Level 3

approved, 12.5-foot long, 32-inch high Oregon TCB design as an ADOT TCB design.  ADOT 

has already obtained approval from the FHWA for the manufacture of 20-foot sections of the

 Oregon TCB design.

4.2 IMPLEMENTATION DATE

The TAC/EP recommends that a drop-dead date of 5 years from the date of adoption be

established for the use of the current TCB system.  If the new system is adopted by ADOT on

January 1, 2002, then barriers using the current design that were manufactured before October

2000, can be used for up to 5 years from that adoption date, based on their condition.  That is, by

January 1, 2007, all TCBs installed on ADOT projects shall be of the new design, with no

exceptions.

This approach was part of ADOT’s agreement with FHWA for the October 2000 AASHTO TCB 

design acceptance.  This drop-dead date has been established in conjunction with the industry, 

FHWA and concerned sections of ADOT.
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4.3 INCENTIVE

The panel discussed recommending incentive pay to TCB contractors to expedite the

implementation of the new design.  After considering the consultant review and panel discussion, it

it was agreed that, although it is a desirable approach, it might be best recommended by the 

industry or ADOT Construction Group directly to management.

4.4 CONSULTANT REVIEW

Dr. Dean Sicking, Ph.D., P.E., director of MwRSF, in his review of the TAC/EP summary report

(Appendix D), agreed with the panel’s finding, with two recommendations. The first was to add a

fracture-resistant steel specification, which requires steel that will not fracture in cold areas

(temperatures of freezing and below). The second was that the panel not recommend incentive

pay since there is no cost or added benefit from an expedited implementation.



13

5. IMPLEMENTATION

5.1 PLAN

The Oregon TCB system was selected by the panel for adoption by ADOT. The Oregon standard 

drawings have been converted into ADOT standard drawings (Appendix B-1), with notations 

specifying fracture-resistant steel, and implementation dates. These drawings will be signed and

 approved for distribution by affected group managers, thus becoming the new ADOT standard.  

On the drawings, the implementation date will serve as a reminder and support to contract

documents that outline the drop-dead date requirements.

5.2 APPROVALS

The adopted system and implementation dates, including the five-year span from date of adoption

for use of ADOT’s AASHTO design TCBs, have been discussed with ADOT management and

have been accepted.  A signed standard drawing will be distributed and posted replacing the old

ADOT TCB design with the new Oregon-based design.

5.3 INDUSTRY PARTNERING

Based on this evaluation, the industry representatives stated at a partnering meeting that they will

most likely begin manufacturing the new design as soon as they receive signed copies of the

standard drawings.  These drawings will serve as notification to ADOT designers, consultants 

and contractors of the adoption of the new system.



14

APPENDIX A:  LIST OF PANEL EVALUATION TABLES
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The following are evaluation tables as scored by panel members.

Blank Form Used for the Evaluation:
Oregon
F Shape

Ohio
Jersey Shape.
Tested 10’ (Doesn’t
have approval yet,
just tested,
anticipates approval
of 12’ based on test)

Idaho
Jersey Shape
 20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points
Fabrication
- Form
- materials
(1 – 7) Points
Cost:  (1 – 7) Points

Crash Testing (1- 5) points

More than one length (10’, 12’, 20’)?
(1  - 5) Points
More than one height (32”, 42”)?
(1  - 5) Points
Inspection of Connection?
(1  - 5) Points
F Shape /
Jersey Shape

 All compared as
F Shape.
See summary.

All compared as
F Shape.
See summary.

All compared as
F Shape.
See summary.

Drainage? (Yes / No) See summary See summary See summary

Ability to pin to pavement? (Yes / No) See summary See summary See summary

TOTAL

Panel Member A:
Oregon
F Shape

Ohio Jersey Shape.
(Not  approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

5 3 7

Fabrication
- Form - materials
(1 – 7) Points

5 6 7

Cost:  (1 – 7) Points 5 6 7
Crash Testing (1- 5) points 5 5 5
More than one length (10’, 12’, 20’)?
(1  - 5) Points

6 6 2

More than one height (32”, 42”)?
(1  - 5) Points

6 6 2

Inspection of Connection?
(1  - 5) Points

5 4 5

TOTAL 37 36 35
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Panel Member B:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

5 3 7

Fabrication
- Form
- materials
(1 – 7) Points

5 6 7

Cost:  (1 – 7) Points 6 5 7

Crash Testing (1- 5) points 5 3 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 4 4

More than one height (32”, 42”)?
(1  - 5) Points

5 5 2

Inspection of Connection?
(1  - 5) Points

5 3 5

TOTAL 36 29 37

Panel Member C:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

8 9 6

Fabrication
- Form
- materials
(1 – 7) Points

6 6 6

Cost:  (1 – 7) Points 6 4 6

Crash Testing (1- 5) points 5 3 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
(1  - 5) Points

5 4 4

Inspection of Connection?
(1  - 5) Points

5 4 5

TOTAL 40 35 35
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Panel Member D:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

8 9 6

Fabrication
- Form
- materials
(1 – 7) Points

6 6 6

Cost:  (1 – 7) Points 6 4 6

Crash Testing (1- 5) points 5 3 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
(1  - 5) Points

5 4 4

Inspection of Connection?
(1  - 5) Points

5 4 5

TOTAL 40 35 35

Panel Member E:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

8 5 8

Fabrication
- Form
- materials
(1 – 7) Points

5 6 7

Cost:  (1 – 7) Points 6 5 4

Crash Testing (1- 5) points 5 3 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
(1  - 5) Points

5 3 3

Inspection of Connection?
(1  - 5) Points

5 4 3

TOTAL 39 31 33
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Panel Member F:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

5 5 5

Fabrication
- Form
- materials
(1 – 7) Points

4 5 5

Cost:  (1 – 7) Points 6 6 6

Crash Testing (1- 5) points 5 2 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
(1  - 5) Points

5 4 4

Inspection of Connection?
(1  - 5) Points

5 3 4

TOTAL 35 30 32

Panel Member G:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

9 7 10

Fabrication
- Form
- materials
(1 – 7) Points

5 6 7

Cost:  (1 – 7) Points 7 7 7

Crash Testing (1- 5) points 5 1 3

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 3 3

More than one height (32”, 42”)?
(1  - 5) Points

5 5 5

Inspection of Connection?
(1  - 5) Points

5 3 5

TOTAL 41 32 40
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Panel Member H:
Oregon
F Shape

Ohio
Jersey Shape. (Not
approved yet,
anticipates approval
based on recent test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

7 5 6

Fabrication
- Form
- materials
(1 – 7) Points

6 6 7

Cost:  (1 – 7) Points 6 5 6
Crash Testing (1- 5) points 5 4 5
More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
(1  - 5) Points

5 4 3

Inspection of Connection?
(1  - 5) Points

5 3 5

TOTAL 39 32 35

Total Average:
Oregon
F Shape

Ohio - Jersey Shape.
Tested 10’ (Doesn’t
have approval yet,
just tested,
anticipates approval
of 12’ based on test)

Idaho
Jersey Shape
20’ long

Ease of Installation
Turn System around. Transporting.
Handling. Bolt and Pin or Cotter Pin.
Tolerance between  sections. Repair.
(1 - 10) points

7 6 7

Fabrication
- Form
- materials
(1 – 7) Points

5 6 6

Cost:
(1 – 7) Points

6 5 6

Crash Testing
(1  - 5) Points

5 3 5

More than one length (10’, 12’, 20’)?
(1  - 5) Points

5 5 3

More than one height (32”, 42”)?
 (1  - 5) Points

5 4 3

Inspection of Connection?
(1  - 5) Points

5 4 5

TOTAL 38 33 35



20

APPENDIX B: SYSTEM DRAWINGS

B-1:  Arizona DOT Approved NCHRP-350 Compliant Design (3 Sheets)

B-2:  Oregon DOT Compliant Design Drawings (2 Sheets)

B-3:  Idaho DOT Compliant Design Drawings (2 Sheets)

B-4:  Ohio DOT Compliant Design Drawings (2 Sheets)



21



22



23



24



25



26



27



28



29



30

APPENDIX C: APPROVAL LETTERS

C-1:  FHWA Approval Letter - 12/28/00 -  Arizona AASHTO Compliant Design (2 Pages)

C-2:  FHWA Approval Letter - 01/15/02 -  20' Oregon-Based Arizona Design (1 Page)

C-3:  FHWA Approval Letter - 08/17/00 -  Oregon Compliant Design (2 Pages)

C-4:  FHWA Approval Letter - 07/17/00 -  Idaho Compliant Design (2 Pages)
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APPENDIX D: CONSULTANT REVIEW REPORT
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